Tracking changes in total biomass production or land productivity is an essential part of 13 monitoring land transformations and long-term alterations of the health and productive 14 capacity of land that are typically associated with land degradation. Persistent declines in land 15 productivity impact many terrestrial ecosystem services that form the basis for sustainable 16 livelihoods of human communities. Protected areas (PAs) are a key strategy in global efforts to 17 conserve biodiversity and ecosystem services that are critical for human well-being, and cover 18 about 15% of the land worldwide. Here we globally assess the trends in land productivity in PAs 19 of at least 10 km 2 and in their unprotected surroundings (10 km buffers) from 1999 to 2013. We 20 quantify the percentage of the protected and unprotected land that shows stable, increasing or 21 decreasing trends in land productivity, quantified as long-term (15 year) changes in above-22 ground biomass derived from satellite-based observations with a spatial resolution of 1 km. We 23 find that 44% of the land in PAs globally has retained the productivity at stable levels from 1999 24 to 2013, compared to 42% of stable productivity in the unprotected land around PAs. Persistent 25 increases in productivity are more common in the unprotected lands around PAs (32%) than 26
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find that 44% of the land in PAs globally has retained the productivity at stable levels from 1999 24 to 2013, compared to 42% of stable productivity in the unprotected land around PAs. Persistent 25 increases in productivity are more common in the unprotected lands around PAs (32%) than 26 within PAs (18%) globally, which may be related to more active management and vegetation 27 cover changes in some of these unprotected lands. About 14% of the protected land and 12% of 28 the unprotected land around PAs has experienced declines in land productivity from 1999 to 29 2013 globally. Oceania has the highest percentage of land with stable productivity in PAs (57%) 30 followed by Asia (52%). Europe is the continent with the lowest percentage of land with stable 31 productivity levels in PAs (38%) and with the largest share of protected land with increasing land 32 productivity (32%), which may be related to the high population density and share of agricultural 33 land within PAs as well as to rural land abandonment processes in many regions of Europe. In 34 conclusion, we provide a relevant indicator and assessment of land productivity dynamics that 35 contributes to characterise the state, pressures and changes in and around protected areas 36 globally. Further research may focus on more detailed analyses to disentangle the relative 37 contribution of specific drivers (from climate change to land use change) and their interaction 38 with land productivity dynamics and potential land degradation in different regions of the world. 
22
PAs are established and managed to achieve the long-term conservation of nature with 23 associated ecosystem services and cultural values (Dudley, 2008 Here, we assess the trends in land productivity in PAs and in their unprotected surroundings (10 2 km buffers) globally from 1999 to 2013. We quantify the percentage of the global protected and 3 unprotected land that shows stable, increasing or decreasing trends in land productivity, and 4 examine the difference in land productivity dynamics across continents and for different PA 5 management categories. By doing so, we provide a relevant indicator that contributes to 6 characterise the state, pressures and changes in and around protected areas globally. We note 7 that to identify critical land degradation zones, land productivity dynamics (hereafter LPD) must 8 be further analysed within the context of anthropogenic land use and other environmental 9 changes. Land productivity as here analysed and presented refers to observed changes of above-10 ground biomass and is conceptually different from, and not necessarily related to, agricultural 11 production or income per unit area. 
28
In this study, we excluded, in addition to PAs with an area below 10 km 2 , the following PAs. 2008), and because most of their core areas overlap with other protected areas (UNEP-WCMC 5 and IUCN, 2016). Fifth, we excluded all PAs that had not been already designated before 1999 6 (as well as those that had no designation year reported in the WDPA), given that the temporal 7 period here considered is from 1999 to 2013 (see next section).
8
In addition, in order to compare changes within and around the PAs, we considered, around 9 each PA, a 10 km buffer zone that did not overlap with other PAs, hereafter referred to as the 10 unprotected 10-km buffer.
11
All analyses were performed by rasterizing the PAs and their unprotected buffers to a spatial 12 resolution of 1 km, which is the resolution of the layer on land productivity dynamics, as 13 described next. comparison between the potential and actual land productivity is expressed in terms of the five-6
year average of the potentially human appropriated vegetation production (Phenolo's cyclic 7 fraction), based on SPOT Vegetation NDVI 2009-2013.
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The long term change and the current status maps are combined and reclassified into the 
30
We used the classification field "region name" (here referred to as continents) in this standard, 
Results

7
Global land productivity dynamics 8 Globally, the extent of land with stable productivity from 1999 to 2013 is larger than that of 9 decreasing and increasing productivity combined (Figure 1 ). There is more land with increasing 10 than with decreasing productivity (Figure 1 ).
11
Global dynamics in land productivity within terrestrial and coastal PAs larger than 10 km 2 are 12 mainly stable (44% of the protected land), as shown in Figure 2 . A similar results is found for the 
19
Continental land productivity dynamics 20 The trends in land productivity within PAs are however unevenly distributed across continents.
21
In Europe, 38% of the PA network is stable in land productivity, which decreases to 32% for the 22 unprotected land surrounding PAs (Figure 2) . These values decrease to 34% within PAs and to 23 30% around PAs, respectively, when focusing on the European Union (EU-28). These values are 24 all lower than the global average; there is less land with stable productivity in and around PAs 25 in Europe and in the EU than in any other continent ( Figure 2) . Africa is the continent with the 26 second lowest percentage of land with stable productivity: 41% within PAs and 45% in the 10-27 km buffers around PAs (Figure 2) . The highest percentage of land with stable productivity within 28 PAs is found, at the continental level, in Oceania (57%), Asia (52%) and the Americas (46%). In 29 all continents except Africa and the Americas, the percentage of land with stable productivity is 30 higher within than around PAs (Figure 2 ).
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The highest percentage of land where productivity has experienced a persistent increase in 32 productivity from 1999 to 2013 is found within the unprotected 10 km buffer surrounding 33 European PAs (46%), which is considerably higher than the corresponding percentage of 32% 34 within European PAs (Figure 2) . These values increase to 49% and 42%, respectively, when 35 considering only the countries belonging to the EU. The continent with the second highest 36 percentage of persistent increase in land productivity is Africa, with 27% of the land around PAs 37 and 22% of the land within PAs in this change class, followed by Asia and the Americas (Figure  1 2). The lowest values were found in Oceania, where only 9% of the unprotected land around PAs 2 and 8% of the land within PAs has experienced a persistent increase in productivity ( Figure 2 ).
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For all continents, the percentage of land with a persistent increase in productivity is higher in 4 the 10 km buffers around PAs than within PAs (Figure 2) . Our results show a general pattern for 5 all continents where the increase in land productivity is always higher (almost 80% higher on 6 average) in the unprotected land surrounding PAs than within them, with a wide range of values 7 from 13% in Oceania to 108% in Asia or 44% higher in Europe.
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The percentage of land with decreasing land productivity is generally similar within and around 9
PAs for all continents (Figure 2) . Oceania is the continent where declines in land productivity are 10 more common both within (29%) and around PAs (26%; Figure 2 ), while the opposite is found 11 for Europe ( Figure 2) . The percentage of protected land with decreasing productivity is about 12 three times higher in Oceania than in Europe (Figure 2 ).
13
Global land productivity dynamics across protected area management categories 14 PAs with sustainable resource use (IUCN PA category VI), natural monuments (III) have the 15 highest percentages (all over 50%) of stable land productivity within PA (Figure 3 ). For all IUCN 16 categories, except wilderness areas (Ib) and national parks (II), there is more stability in the land 17 productivity inside PAs than in the unprotected surrounding 10 km buffer (Figure 3) . The largest 18 difference in the percentage of stable land productivity between inside (61%) and outside (49%) 19 PAs is found in category III (Figure 3) , while the smallest one is found in categories V and Ia 20 ( Figure 3) ; for category Ia the percentage of land with stable productivity is the same inside than 21 outside PAs. For all the categories the percentage of land with increasing productivity is higher 22 outside PAs than within them (Figure 3 ). The percentage of protected land with decreasing land 23 productivity is highest in wilderness areas (Ib,32%), while increasing land productivity is most 24 widespread in protected landscapes (V, 31%). 26 We found that 44% of the land in large (over 10 km 2 ) protected areas (PAs) globally has retained 27 the productivity at stable levels during the 15 year period here considered (from 1999 to 2013).
25
Discussion
28
The percentage of land with stable productivity in the 10-km buffer zones surrounding PAs only 29 goes down to 42%. Our results, therefore, do not suggest any considerable difference between 30 the protected and unprotected land regarding the stability in land productivity globally.
31
There are large tracts of land that, although being protected, have experienced declines in land 
